Abstract. Since construction activities have produced a lot of greenhouse gases due to urban development in recent decades in China, the pressure of greenhouse gas (GHG) emission reduction becomes increasingly severe. Based on the theory of life cycle assessment, the paper investigates carbon emissions of student dormitory in Shenzhen University during construction process using life cycle assessment method. Results of the case study demonstrate that reinforcement works is the largest source of construction carbon emissions.
Introduction
In the "United Nations Framework Convention on Climate Change," the twenty-first meeting of the Conference of the Parties Xi Jinping reiterated China's previous commitments. China will strive to achieve as soon as possible in 2030 to achieve the peak of carbon dioxide emissions. In 2030, carbon dioxide emissions per unit of GDP will decrease by 60% -65% compared with the amount in 2005. China, as a large greenhouse gas emissions country, is facing a serious challenge. Institutional statistics show that in China every 1 square meters of housing is about 0.8 tons of CO 2 [1] . In addition, in recent years, China's rapid urban development drives the construction industry to grow dramatically and continually. The vigorous development of the construction industry, while promoting economic and social development, consumes a lot of resources, causing great environmental damage. The United Nations Environment Program suggests that the building consumes about 40% of the world's energy, one thirds of greenhouse gas emissions and construction [2] . "China Statistical Yearbook" shows that the national real estate enterprises housing construction area has increased from3,527,447,000 square meters in 2006 to 12, 498,263,500 square meters in 2015, an increase of nearly 4 times growth, which is shown in Figure 1 .It is foreseeable that the construction area will maintain a rapid growth in the future.
On the other hand, building construction process needs a large number of mechanical equipment, and means of transport while consuming a variety of building materials and other resources. In recent years, researchers have realized the importance of the construction stage in reducing carbon emissions [3] .The GHG emissions during construction and installation are the most important component of the emissions from the entire life cycle of buildings [4] . Energy consumption keeps increasing in China's construction sector, with the constant growth of the urban population, and with more and more large-scale mixed commercial-residential communities being built in cities across China. In order to achieve the co-benefits of effectively reducing energy use and costs, and GHG emissions, all aspects related to energy performance in the construction stage need to be addressed [5] . Tang et al. used interactive simulation based method to select appropriate construction management strategies in controlling GHG emissions from unexpected disruptive events [6] . 
Method: Life cycle Assessment

Definition
Life cycle assessment (LCA) method originated in the United States and Europe in the 1960s. It is used as a systematic analysis tool for assessing the environmental impact of materials, products, processes and services. The Society for Environmental Toxicology and Chemistry (SETAC) US Environmental Protection Agency (United States Environmental Protection Agency, USEPA) and the Nordic Council of Ministers use it widely [7] .
In 1990, the International Society for Environmental Toxicology and Chemistry (SETAC) first proposed the concept of LCA, which defined it as a way of using material and energy for products, processes and activities, and environmental emissions. The process of environmental impact assessment is the evaluation of the object energy and material consumption and environmental impact assessment process of environmental emissions. LCA includes the entire life cycle of the product, process or activity, such as the extraction, processing, manufacture, transportation and distribution, use, re-use, maintenance, recycling and final disposal of the raw material [8] .
Life cycle Model Applied in Building Construction
Construction Process Boundary
A typical construction process involves a series use of different construction equipment and natural resources and generates many pollutants. To ensure that a variety of important environmental impacts are identified, it is necessary to break down the construction process systematically into smaller unit process to use LCA method more scientifically. The scope of this research encompasses process from the beginning of construction activities to the end of construction .It includes two part: major construction equipment and ancillary materials. Major construction equipment contains roller, scrapers, excavators of earthworks, cranes for material hoist, and hammers for pile driving. Generally speaking, CO 2 emissions in construction process are related to the results of equipment operation, which usually consumes electricity and fossil fuels. Ancillary materials are another essential carbon emissions. The term "ancillary materials" indicates construction process for such a project item that is not an element of the intended building or facility but is required to support the construction of this element including earthwork, formwork, scaffolding, and equipment and construction material transportation. These construction processes will also contribute to CO 2 emissions. In addition, in order to estimate carbon emissions of building construction, functional unit of m 2 is adopted in the analysis.
Carbon Emission Models and Estimation
The amount of carbon emissions is usually measured by the amount of CO 2 produced. However, many other gases also have an impact on climate change and have a different degree of impact (usually much larger than the impact of CO 2 on climate change). Therefore, all the gases that affect the global warming in the construction process should be included in the list of carbon emissions, such as CH 4 , N 2 O, SF 6 and other substances.
Based on the global warming potential (GWP) of CO 2 gas, the GWP of other gases (CH 4 , N 2 O, etc.) is measured on the basis of CO 2 and converted to CO 2 equivalent [9] , as shown in Tab. 1. The various types of greenhouse gas emissions and its global warming effect potential factor equivalent factor multiplication Sum. The formula is:
In the formula, Ca is the carbon emission index of construction activities (kg CO 2 ); W ij is the quality (kg) of the i greenhouse gases produced during the construction phase in the j division. GWP i is the global warming impact potential of the i greenhouse gases (kg CO 2 / kg greenhouse gas); i is the type code of greenhouse gases. GHG emissions obtained by the product of the specific construction activity data and emissions factors, which formula is as follows:
In the formula, Wi is the quality (kg) of the i greenhouse gases produced by the i construction activity; A i indicates construction activity data; E i is the carbon emission factor.
In addition to carbon emissions from construction process, since a great amount of materials are transported from manufacturing site to building construction site, the factor of transportation cannot be ignored. As a result, the carbon emissions of material transportation are shown as the following: In this paper, the total amount of carbon emissions C total during construction phase can be calculated as follows:
Case Study Analysis
This research selects the student dormitory of Shenzhen University in Shenzhen as a case study. This construction project is located in the North Campus of Shenzhen University, with gross floor area of 71,355 square meters in building 1 and area of 9,400 square meters in building 2.
Firstly, it is necessary to estimate carbon emissions from various machine operation in each machinery shift (a mechanical work 8 hours per day).Secondly, based on the "Machinery shift in construction in Guangdong Province", the data related to types of fuels, electricity and other energy consumption conversion coefficient of carbon emissions can be obtained. The information of carbon emissions from construction machinery is shown in Tab. 3. In Fig. 2 , it can be seen that reinforcement works, concrete work and earthwork are three essential factors that contribute to the major amount of carbon emissions, while independent basic engineering (pile foundation), masonry engineering and scaffolding work show the least carbon emissions. Reinforcement works are the largest source of emissions (around 13 kg/m 2 ) during construction due to the use of steel in the construction process, which requires lots of machinery and construction equipment to run for a long of time, consuming much energy and electricity. Besides, concrete work is the second carbon emissions contributor (8.3 kg/m 2 ), because a great amount of concrete is used in building construction, not only in foundation but also in structure assembly and construction.
When we compare these two dormitory buildings, there is no great difference in carbon emissions for two buildings, because the construction process and methods are quite similar. As for vertical transportation, usually for goods, materials and equipment, dormitory 2 releases more carbon dioxide (3.8 kg/m 2 ) because this building has more multiple functions of different spaces than dormitory 1, including students' rooms, sport center, wash room, small library, small dining rooms and so on. Therefore, materials for different functional spaces are various and require more vertical transport by machine.
It is obvious that the greater volume the building has, the more complex the technology used is , and the more functions the building is designed to have in construction, more energy is consumed and thus more CO 2 are released. Therefore, it is important to reduce environmental impacts by simplifying construction methods more scientifically and reasonably, and by choosing construction machinery and equipment that may meet low energy demands and also by identifying which construction process that causes greater environmental impacts.
Conclusion
Sustainable construction is the most essential issue in recent years. This paper investigates environmental impact of CO 2 emissions in building construction using LCA method. It can be found that reinforcement work, concrete work and earthwork are three essential processes that produce the highest amount of carbon emissions among a series construction process. Therefore, it is important to reduce CO 2 emissions by optimizing construction process, such as reduction of materials that are not necessarily needed in construction, adjustment of some construction process that is redundant and simplification of building's function in space design. On the other hand, the use of equipment is also essential in construction phase. Optimization of machinery use can reduce energy and electricity use, thus mitigating CO 2 emissions. In consequence, some actions should be taken, such as selection of more energy saving equipment, reduction of machinery's idle time during construction, and use more materials that are locally produced.
